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Description 

This invention relates to a process for the production of microbial cellulose. 

A number of bacteria, particularly strains of the genus Acetobacter, can be cultivated to produce 
5 microbial cellulose. The microbial cellulose is produced extra-cellularly in the form of a fibril attached to the 
bacterial cell. Fibrils from different cells intermesh to give pellicles which are mixtures of cellulose and cells. 

Initially microbial cellulose was produced using static cultivation as in the process disclosed in GB 
2131701. In such processes the pellicles of microbial cellulose are formed upon the surface of the static 
culture which is usually contained in shallow trays. 
10 More recently however in our Published European Patent Specification No. 279506 we have proposed a 
process for the production of microbial cellulose which comprises the following steps:- 

(a) a growth step in which a suitable bacterial strain is cultivated in stirred batch culture until substantially 
all the carbon source present has been utilized and the culture is carbon limited; 

(b) an accumulation step in which the carbon source is supplied continuously to the carbon limited 
75 culture at a rate sufficient to maintain it in carbon limitation and to enable microbial cellulose to 

accumulate during stirred cultivation; 

(c) a removal step in which bacterial cells and accumulated microbial cellulose are removed from the 
culture at the end of the accumulation step; and 

(d) a separation step in which microbial cellulose is separated from the cells. 

20 Microbial cellulose pellicles have excellent liquid absorbing properties and can be used in a wide 
variety of medical applications, eg in absorbent pads as described in GB 2131701. For such medical 
applications the pellicles produced in static culture can be used directly. However, there are other non- 
medical uses for microbial cellulose and for such non-medical uses it is generally necessary for the 
pellicles to be broken into smaller pieces. 

25 Microbial cellulose can be regarded as an extra-cellular polysaccharide. Such polysaccharides when 
produced by batch or continuous cultivation processes are normally produced with a substantial surplus of 
carbon source present in the medium under conditions of limitation by another nutrient such as the nitrogen 
or phosphorus sources. Often the carbon source is present in very considerable excess eg in processes for 
producing xanthan gums. 

30 A number of bacterial strains have been reported which can produce extra-cellular microbial cellulose 
including for example strains of the species Acetobacter xylinum, such as strain ATCC 23769, and strains of 
Acetobacter aceti, such as subsp. orleanensis strain NCIB 8747. However if microbial cellulose is to be 
produced successfully on a commercial scale it is important that bacterial strains having improved ability to 
be cultivated to produce microbial cellulose are developed. 

35 According to the present invention we provide a process for the production of extra-cellular microbial 
cellulose in which a bacterial strain capable of producing extra-cellular microbial cellulose is aerobically 
cultivated in an aqueous culture medium containing a carbon source and other necessary nutrients wherein 
the bacterial strain is Acetobacter sp strain NCIB 12548 or a variant or mutant strain derived therefrom. 

Also according to the invention we provide a biologically pure culture of Acetobacter sp strain NCIB 

40 12548 or a variant or mutant derived therefrom. 

Acetobacter sp strain NCIB 12548 (also designated by us as strain 99) was received and accepted for 
deposit on 24 September 1987, under the terms of the Budapest Treaty on the International Recognition of 
the deposit of microorganisms for the purposes of patent procedure, by the National Collections of Industrial 
and Marine Bacteria (NCIMB), PO Box No. 31, 135 Abbey Road, Aberdeen, AB9 8DG, Scotland, UK. 

45 In the process of the invention the carbon source is suitably a carbon source for growth but this is not 
necessarily the case. A wide range of carbon sources may be used including lactate, ethanol, glycerol, 
molasses and other sugars such as fructose and particularly glucose. 

Suitably microbial cellulose can be produced by growing Acetobacter sp NCIB 12548 by the process of 
our Published European Patent Specification No. 279506 having the steps (a) to (d) described above. In this 

so process suitably the culture medium for the growth step initially contains the carbon source at a 
concentration within the range 2 to 20 g/l. During the accumulation step the carbon source is preferably 
supplied to the culture at a concentration within the range 1 to 10 g/l per hour. A suitable culture medium 
for the growth and accumulation steps has the following composition:- 

55 
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Peptone ('oxoid') 


5.0 g/l 


Yeast extract ('oxoid') 


5.0 g/l 


Na 2 HPCU 


2.7 g/l 


Citric acid 


1.15 g/l 


Glucose 


20 g/l 


Made up to pH 6.0 



The initial pH at which the growth and accumulation steps are carried out is suitably within the range 4 
to 6.5 with a pH of approximately 5 being preferred. Suitably the growth and accumulation steps are carried 
out at a temperature within the range 15*C to 35'C, preferably within the range 20 *C to 28 °C 

During the accumulation step the culture is supplied with the carbon source at a rate such that the level 
of this source in the supernatant liquid is maintained within the range 0 to 0.5 g/l. Concentrations of other 
nutrients in the culture are gradually reduced until the supply of one or more of the other nutrients in the 
culture becomes exhausted. The accumulation step can be terminated at this point or further supplies of the 
other nutrients can be added. In the latter case cultivation can be continued until the culture becomes too 
viscous for satisfactory aeration. During the accumulation step extra-cellular microbial cellulose is formed as 
floes rather than the large pellicles formed during static cultivation. 

After completion of the accumulation step, the mass of cells and accumulated microbial cellulose is 
removed from the culture in the removal step by any suitable method. Preferably, this is done by filtration. 
The cellulose is thereafter separated from the cells in the separation step. The separation is suitably done 
by treating the mass of cellulose and cells with a reagent, eg an alkaline reagent, which will dissolve the 
cells without affecting the cellulose which can then be separated. A preferred method for dissolving the cells 
and separating the cellulose is to treat the cell/cellulose mass with a dilute sodium hydroxide solution, e.g. a 
0.1 - 5.0% (preferably 0.3 - 3%) sodium hydroxide solution. After separation the microbial cellulose can be 
further treated, e.g. by drying. 

When the process of the invention is carried out in the manner described in Published European Patent 
Specification No. 279506 the growth and accumulation steps can be preferably carried out in the same 
fermenter. They can, however, be carried out in separate fermenters with the culture produced in the growth 
step being transferred from the fermenter in which it is produced into a second fermenter to which the 
carbon source is supplied continuously. This transfer can be made before the growth step is completed and 
before growth under carbon limitation has begun. The fermenters used can be stirred mechanically or can 
be of the "air-lift" type in which stirring is effected by blowing an oxygen-containing gas into the fermenter. 

Examples of suitable "air-lift" fermenters are those described in our Patent Specifications Nos. GB 
1353008, 1417486 and 1417487. 

The process of the invention can also be carried out in static or in continuous culture. In static culture 
the bacterium is suitably cultured in a liquid nutrient medium at an initial pH within the range 4 to 6.5 
(preferably opproximately 5) and at a temperature within the range 15* to 35 *C, most preferably 20* to 
28 'C. In order to obtain the coherent gel-like material useful for a wound dressing or other medical 
applications, it is important that the culturing medium remain substantially motionless during the culturing 
period which may be from a matter of a few hours for a thin membrane of 0.1 millimeter thickness to 
several days or weeks for a pellicle having a thickness of 15 millimeters or greater. In static culture the 
bacterium is cultured at the surface of a nutrient medium to form a coherent pellicle. This pellicle is 
removed from the nutrient, treated with sodium hydroxide or other agent to remove the bacterium, 
neutralised, and washed with water to obtain a water-loaded pellicle of microbial cellulose. The pellicle thus 
formed may be cut to any desired size, sterilized by heat or irradiation and used for example as a dressing 
for burns or other skin injury. In another use, the water may be exchanged with glycerol or other 
physiologically compatible liquid, and/or medicaments may be incorporated prior to sterilization and use. 
The The liquid-loaded pellicle can be packaged in a sterile, moisture-impervious container for long-term 
storage. 

The microbial cellulose produced by a process having steps (a) to (d) above (particularly using the 
process of the invention) is more readily usable as a bulking agent in foods or as a tabletting aid than is the 
microbial cellulose produced in pellicle form by static cultivation processes. 

The invention is illustrated by the following example:- 
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EXAMPLE 

A shake flask was inoculated with strain NCIB 12548 (otherwise known as strain 99) which was grown 
for 24 hours after which time the purity of the resulting cellulose was assessed. This culture was then 

5 transferred to a fermenter containing a medium in which the carbon source glucose was present at a 
concentration of 10 g I. The glucose concentration was monitored during growth of the culture and, when it 
was found to have fallen to 0.5 g/l, feeding of glucose to the fermenter was begun and was continued for 64 
hours. Measurements of cell dry weight (g/l), cellulose dry weight (g/l) and glucose uptake (g/l) were taken 
at intervals and the results are set out in the Table. This shows that the optimum yield of cellulose (i.e. g 

w cellulose per g glucose) was achieved after 41 h. Thereafter glucose continued to be consumed to produce 
increased cell dry weight for approximately a further 7 hours without producing further cellulose. 

Table 



75 


Fermentation time (h) 


Dry cell weight (g/l) 


Cellulose weight 
dry (g/l) 


Glucose uptake (g/l) 


Cellulose yield 
(g cell/g glucose) 




16.5 


1.38 


0.29 


11.15 


0.026 




23.0 


4.8 


1.54 


1362 


0.113 


20 


41.0 


6.3 


4.50 


23 80 


0.189 




48 


9.3 


4.40 


28.95 


0.152 




64.0 


9.2 


4.50 


37.82 


0.119 



Claims 

1. A process for the production of extra-cellular microbial cellulose in which a bacterial strain capable of 
producing extra-cellular microbial cellulose is aerobically cultivated in an aqueous culture medium 
containing a carbon source and other necessary nutrients wherein the bacterial strain is Acetobacter sp 
strain NCIB 12548 or a variant or mutant strain derived therefrom. 

2. A process according to claim 1 wherein the carbon source is a carbon source for growth. 

3. A process according to claim 2 wherein the carbon source is glucose. 

4. A process according to any one of claims 1 to 3 which comprises the following steps:- 

(a) a growth step in which a suitable bacterial strain is cultivated in stirred batch culture until 
substantially all the carbon source present has been utilized and the culture is carbon limited; 

(b) an accumulation step in which the carbon source is supplied continuously to the carbon limited 
culture at a rate sufficient to maintain it in carbon limitation and to enable microbial cellulose to 
accumulate during stirred cultivation; 

(c) a removal step in which bacterial cells and accumulated microbial cellulose are removed from the 
culture at the end of the accumulation step; and 

(d) a separation step in which microbial cellulose is separated from the cells. 

5. A process according to claim 4 wherein the initial pH at which the growth and accumulation steps are 
carried out is within the range 4 to 6.5. 

6. A process according to claim 4 or claim 5 wherein the growth and accumulation steps are carried out at 
a temperature within the range 20* to 28 *C. 

7. A process according to any one of claims 4 to 6 wherein during the accumulation step the culture is 
supplied with the carbon source at a rate such that the level of this source in the supernatant liquid is 
maintained within the range 0 to 0.5 g/l. 

8. A process according to any one of claims 4 to 7 wherein during the accumulation step the 
concentrations of nutrients other than the carbon source in the culture are reduced until the supply of 
one of these other nutrients in the culture becomes exhausted. 
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9. A process according to any one of claims 1 to 3 which is carried out in static culture at an initial pH 
within the range 4 to 6.5 and at a temperature within the range 15* to 35 *C. 

10. A biologically pure culture of Acetobacter sp strain NCIB 12548 or a variant or mutant derived 
5 therefrom. 

Patentanspriiche 

1. Verfahren zur Erzeugung extracellularer mikrobieller Cellulose, bet dem ein zur Herstellung extracellula- 
w rer mikrobieller Cellulose befahigter Bakterienstamm aerobisch in einem wassrigen, eine Kohlenstoff- 
quelle und andere notwendige Nahrstoffe enthaltenden Kulturmedium gezuchtet wird, wobei der 
bakterielle Stamm Acetobacter sp Stamm NCIB 12548 ader ein davon abgeleiteter Varianten- oder 
Mutantenstamm ist. 

75 2. Verfahren nach Anspruch 1, bei dem die Kohlenstoffquelle eine Kohlenstoffquelle fur das Wachstum ist. 

3. Verfahren nach Anspruch 2, bet dem die Kohlenstoffquelle Glucose ist. 

4. Verfahren nach einem der Anspruche 1 bis 3 mit den folgenden Stufen: 

20 (a) einer Wachstumsstufe, in der ein geeigneter Bakterienstamm in einer geruhrten Chargenkultur 

gezuchtet wird, bis im wesentlichen die gesamte anwesende Kohlenstoffquelle verbraucht wurde und 
die Kultur kohlenstofflimitiert ist; 

(b) einer Akkumulierungsstufe, in der die Kohlenstoffquelle kontinuierlich der kohlenstofflimitierten 
Kultur mit einer ausreichenden Geschwindigkeit zugefuhrt wird, urn sie in Kohlenstofflimitierung zu 

25 halten und bei geruhrter Zuchtung zu befahigen, mikrobielle Cellulose anzusammeln; 

(c) einer Entfernungsstufe, in der Bakterienzellen und angesammelte mikrobielle Cellulose am Ende 
der Akkumulierungsstufe aus der Kultur entfernt werden; und 

(d) einer Trennstufe, in der mikrobielle Cellulose von den Zellen abgetrennt wird. 

30 5. Verfahren nach Anspruch 4, bei dem der Anfangs-pH, bei dem die Wachstumsstufe und die Akkumulie- 
rungsstufe durchgefuhrt werden, in dem Bereich von 4 bis 6,5 liegt. 

6. Verfahren nach Anspruch 4 oder Anspruch 5, bet dem die Wachstumsstufe und die Akkumulierungsstu- 
fe bet einer Temperatur in dem Bereich von 20 °C bis 28 *C durchgefuhrt werden. 

35 

7. Verfahren nach einem der Anspruche 4 bis 6, bei dem wahrend der Akkumulierungsstufe die Kultur mit 
einer solchen Geschwindigkeit mit der Kohlenstoffquelle versorgt wird, daS der Gehalt dieser Quelle in 
der uberstehenden Flussigkeit in dem Bereich von 0 bis 0,5 g/l gehalten wird. 

40 8. Verfahren nach einem der AnsprOche 4 bis 6, bei dem wahrend der Akkumulierungsstufe die 
Konzentrationen der anderen Nahrstoffe als Kohlenstoff in der Kultur verringert werden, bis der Vorrat 
eines dieser anderen Nahrstoffe in der Kultur erschopft ist. 

9. Verfahren nach einem der Anspruche 1 bis 3, das in einer statischen Kultur bei einem Anfangs-pH in 
45 dem Bereich von 4 bis 6,5 und bei einer Temperatur in dem Bereich von 15* bis 35 *C durchgefuhrt 

wird. 

10. Biologisch reine Kultur von Acetobacter sp Stamm NCIB 12548 oder einer davon abgeletteten Variante 
oder Mutante. 

50 

Revendications 

1. Procede de fabrication de cellulose microbienne extra-cellulaire, dans lequel une souche bacterienne 
capable de produire de la cellulose microbienne extra-cellulaire est cultivee de maniere aerobie dans 
55 un milieu de culture aqueux contenant une source de carbone et d'autres substances nutritives 
necessaires, ou la souche bacterienne est la souche NCIB 12548 d'Acetobacter sp ou une souche 
variante ou mutante provenant de celie-ci. 



5 



EP 0 323 717 B1 



2. Procede selon la revendication 1, dans lequel la source de carbone est une source de carbone pour la 
croissance. 

3. Procede selon la revendication 2, dans lequel la source de carbone est !e glucose. 

5 

4. Procede selon une quelconque des revendications 1 a 3, comprenant les etapes suivantes : 

(a) une etape de croissance ou une souche bacterienne appropriee est cultivee dans une culture par 
lots, sous agitation, jusqu'a ce que pratiquement toute la source de carbone presente soit utilisee et 
que la culture soit limitee en carbone ; 
w (b) une etape d'accumulation ou la source de carbone est amende en continu a la culture limitee en 

carbone, a une vitesse suffisante pour la maintenir a un taux limite de carbone et permettre 
raccumulation de cellulose microbienne pendant la culture sous agitation ; 

(c) une etape de retrait ou des cellules bacteriennes et la cellulose microbienne accumulee sont 
retirees de la culture a la fin de I'etape d'accumulation ; et 
75 (d) une etape de separation ou la cellulose microbienne est separee des cellules. 

5. Procede selon la revendication 4, dans lequel le pH initial auquel les etapes de croissance et 
d'accumulation sont effectuees est compris entre 4 et 6,5. 

20 6. Procede selon la revendication 4 ou 5, dans lequel les etapes de croissance et d'accumulation sont 
effectuees a une temperature comprise entre 20 et 28 'C. 

7. Procede* selon une quelconque des revendications 4 a 6, dans lequel, pendant I'etape d'accumulation, 
la culture est alimented en source de carbone a une vitesse telle que le taux de cette source dans le 

25 liquide surnageant est maintenu entre 0 et 0,5 g/l. 

8. Procede* selon une quelconque des revendications 4 a 7, dans lequel, pendant I'etape d accumulation, 
la concentration des substances nutritives dans la culture, autres que la source de carbone, est 
diminuee jusqu'a ce que 1'apport de ces autres substances nutritives dans la culture soit epuise. 

30 

9. Procede selon une quelconque des revendications 1 a 3, realise dans une culture statique a un pH 
initial compris entre 4 et 6,5 et a une temperature comprise entre 15 et 35 *C. 

10. Culture biologiquement pure de souche NCIB 12548 d'Acetobacter sp ou d'une variante ou d'un mutant 
35 provenant de celle-ci. 
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